Single crystal multi-layer graphene has been grown by CVD with controlled number of layers and size, where the first layer grows on top and covers other layers as an inverse pyramid structure.
[1] The number of layers at a particular point can be identified by the variation of color contrast in the optical micrograph as shown in Figure S1 a. More accurately, the number of layers is also confirmed by the intensity ratio of the Raman G to 2D mode.
Figure S1 e is the Raman spectra of the multi-layer graphene. The G peak near 1580 cm -1 is referred to E 2g -symmetry phonons at the Brillouin zone center. The 2D peak at 2700 cm -1
originates from a two phonons double resonance process, which reflects the band structure of graphene layers. The intensity ratio of the 2D peak and G peak (I 2D /I G ) is an effective measure of the number of layers n (1≤n≤5).
To prepare the FG/Gr heterostructures, top Gr layers were selectively functionalized with fluorine. Figure Raman spectra at the condition (15 W, 20 min) show that only top layer (1L) became FG (indicated by its strong D peak at 1628 cm -1 ), while the underneath layers (2L, 3L, 4L, 5L) are still graphene (indicated by a weak or no D peak). It is worth mentioning that we only found fluorine atoms on the topside of the FG. With controlled growth of graphene flakes, we can selectively functionalize the top graphene layer, and control its shape and size.
As displayed in Figure S1 f-h, under condition (15 W, 60 min), a prominent D peak in 1L and 2L indicated that both top two layers became FG. At 120 min, the 3L also became FG (see D peak intensities of 3L in Figure S1 h). It can be seen that the FG/Gr devices exhibit a better linear photo-response compared to the Gr/Gr within the entire tested laser irradiance range.
From the equation: photo-generated holes transfer from FG to graphene, leading to an increase of photocurrent.
As the V GS increases, the trapped electrons in the conduction band of FG begin to tunnel through the barrier into the graphene channel, resulting in a decrease of photocurrent. When V GS is high enough (> 65 V), the FG energy band becomes to bend upwards. Thus photogenerated electrons transfer to the graphene channel, leading to an increase of photocurrent.
It is also observed that the Gr/Gr devices show non-negligible responsivity. This can be caused by the minimal PMMA residues and chemical-solvent related contaminations during the transfer process of CVD grown multi-layer graphene, although we already used the modified RCA added wet etching method to fairly remove insoluble inorganic residues and heavy metal contaminants.
[4] These remaining residues and contaminations also act as electron-trapping centers, inducing p-type doping to graphene. This is also confirmed by the Dirac point measurement ( Figure S3 a) , where the device under dark condition already exhibits p-type doping. [11] SWNTs/Gr 650 ~100@0.5V ~0.1@1.2V [12] NIR PbSnanoplates/Gr 800 2.5x10 6 @1V 48@1V [13] RGO/P (VDF-TrFE) 800 ~2x10
-5 @9V ~5x10 4 @9V [14] InGaAs/GaAs 840 0.5@2V - [15] PbS QDs/Gr 895 10 4 @1V 3x10 2 @50mV [16] FG/Gr InGaAs/InP 1060 5@1V - [17] GQDs 1470 0.2@20mV ~8x10 4 @20mV [18] Gr 1550 5 x10 -4 @4V [19] Bi 2 Te 3 /Gr 1550 0.2@1V 9.3@1V [20] Black Phosphorus 1700 1.5x10 -3 @2.5V 0.01@0.1V [21] MIR Gr/Ta 2 O 5 /Gr 2100 1.9@1V - [10] Si/Gr 2750 0.13@1.5V - [22] Gr/Ta 2 O 5 /Gr 3200 1.1@1V - [10] FG/Gr @2V - [23] HgCdTe/CdTe 4290 0.01@0V - [24] Figure 
